Porcine reproductive and respiratory syndrome (PRRS) is a new viral disease of swine first observed in the United States in 1987 and in Europe in 1990 (3, 9, 28) . PRRS is characterized by reproductive failure through abortion, stillbirth, and mummified fetuses; the birth of weak piglets; and severe respiratory disease in newborn and nursing pigs (7) .
PRRS virus is a member of the arteriviruses, a group of small, enveloped, positive-strand RNA viruses (4, 19, 24) . The virus has a genome of approximately 15 kb containing 8 open reading frames (ORFs) (19) . ORFs 1a and 1b encode the polymerase, and ORFs 5 to 7 encode the major structural proteins of the virion (20) . Antigenic and subsequent genetic analyses of PRRS viruses isolated from North America and Europe have revealed clear differences between viruses originating on the two continents (5, 8, 11, 12, 14, 15, 17, 18, (21) (22) (23) 27) . Although the complete genomic sequence has only been reported for the Lelystad virus (LV) (19) , a European strain, the existence of two genotypes is evident from the comparison of sequences of ORFs 2 to 7 of European and North American PRRS virus strains. These ORFs or their predicted proteins show sequence homologies of only about 50 to 70%, the exception being the ORF 6 product, which demonstrates close to 80% homology (8, 11, 14, 15, 17, 18, 21, 22) .
Serological evidence suggests that infections with a LV-like PRRS virus (with the presumed European genotype) have occurred in at least 10% of the surveyed PRRS-infected swine farms in the United States (1) . Isolation in North America of PRRS viruses with the European genotype, however, has not been reported.
In several studies, American and Canadian isolates have been differentiated from European strains with the use of monoclonal antibodies in immunoperoxidase and immunofluorescent assays (5, 12, 23) . The ability to differentiate between the North American and European genotypes of PRRS virus based on the detection of specific nucleic acid sequences is desirable, both for identification of the causative agent in PRRS virus outbreaks and to determine and confirm the ability of monoclonal antibodies to type PRRS viruses. In this report, a multiplex PCR assay for differentiation of European and North American genotypes of PRRS virus is described.
PCR primers were designed on the basis of ORF 1b, as sequences from this gene were expected, because of their conservation among arteriviruses (19) , to be more conserved within and between the two PRRS virus genotypes than those of other genes. Initial primers were designed from LV sequences because of the lack of sequence information for North American strains of PRRS virus for this region of the genome. Type-specific and type-common primers for multiplex or nested multiplex PCR (Table 1) were designed after sequencing a portion of ORF 1b from two North American strains of PRRS virus: Minnesota MN-1b (11, 29) and Quebec LHVA-93-3 (13) isolates. Primers were designed by using Primer Designer for Windows, Version 2.0 (Scientific and Educational Software, State Line, Pa.), and synthesized with an Applied Biosystems 391 DNA synthesizer.
Viral RNA was extracted directly from 100 l of the supernatants from virus-infected, MARC-145 cell (10) or porcine alveolar macrophage cultures by using TRIzol (Canadian Life Technologies Inc., Burlington, Ontario, Canada) and following the manufacturer's protocol with modifications, essentially as described previously (6) . RNA was precipitated in isopropanol with 20 g of glycogen, and the RNA pellet was resuspended in 25 l of water. Serial 10-fold dilutions of virus in Eagle's minimal essential medium (beginning with 10 5 50% tissue culture infective doses [TCID 50 ]/100 l) were used for RNA extraction to determine the lower limit of detection by PCR. Ten serum samples (100-l volumes) from two pigs which had been inoculated intranasally at 3 weeks of age with 5 ϫ 10 6 TCID 50 of LV or U.S. isolate 89-46448 were also used for RNA extraction and PCR.
Five microliters of the RNA was mixed with 375 ng of random hexamers (Promega, Madison, Wis.) in a total volume of 21.5 l and incubated at 70ЊC for 10 min. A reverse transcription mixture was added to the RNA-hexamer solution to give a final volume of 50 l and final concentrations of 0.4 U of RNAguard RNase inhibitor (Pharmacia, Baie D'Urfe, Quebec, Canada) per l, 0.5 mM each deoxynucleoside triphosphate (dNTP) (Pharmacia), 50 mM Tris HCl (pH 8.3), 75 mM KCl, 3 mM MgCl 2 , 10 mM dithiothreitol, and 10 U of Superscript II reverse transcriptase (Canadian Life Technologies) per l. The combined mixture was incubated at room temperature for 10 min to promote hexamer annealing, and reverse transcription was carried out at 37ЊC for 1 h, followed by reaction inactivation at 94ЊC for 5 min.
A 600-bp portion of ORF 1b of the MN-1b and LHVA-93-3 strains of PRRS virus was amplified for PCR cycle sequencing. Upstream primer SU (5Ј CATCCTGGGCACCAACA 3Ј) and complementary downstream primer SD (5Ј GACGGTTTTCT TTGGGTC 3Ј), corresponding to nucleotides 8412 to 8428 and 9004 to 9021, respectively, of the LV sequence (19) , were used for amplification. For PCR, 2.5 l of cDNA was added to a mixture containing 2 mM MgCl 2 , PCR buffer (20 mM Tris HCl [pH 8.4], 50 mM KCl), 0.2 mM dNTPs, primers SU and SD (10 g of each per ml), and 5 U of Taq DNA polymerase (Canadian Life Technologies) in a total volume of 100 l. After denaturation at 94ЊC for 3 min, the reactions were cycled 4 times at 94ЊC for 20 s, 42ЊC for 1 min, and 72ЊC for 1 min and then 40 times at 94ЊC for 20 s, 47ЊC for 1 min, and 72ЊC for 1 min, with a final extension step of 72ЊC for 15 min. The PCR product was purified from a 1.5% agarose gel with Geneclean (BIO 101). For PCR cycle sequencing, primers SU and SD, upstream primer U2 (Table 1) , and complementary degenerate downstream primer SD2 (5Ј TTCTG(G/T)GCATA(A/G) ATTACCAG 3Ј) or SD3 (5Ј GTGCTGTGCATA(A/G)AT(T/ C)ACCA 3Ј), corresponding to nucleotide positions 8785 to 8804 and 8786 to 8805 of LV, respectively, were used. PCR products were fully sequenced in both directions by using the Prism Ready Reaction DyeDeoxy Terminator Cycle Sequencing Kit (Applied Biosystems, Mississauga, Ontario, Canada) with 0.25 pmol of template and 1 M primer. Sephadex G-50 spin columns were used to desalt the sequencing mixture, and the reaction mixtures were vacuum dried and stored at Ϫ20ЊC. Automated fluorescence sequencing was performed with an Applied Biosystems 373A sequencer. The obtained sequence was analyzed with SeqEd 1.0.3 (Applied Biosystems) and MacDNASIS (Hitachi Software Engineering, San Bruno, Calif.) software.
The nucleotide sequences obtained from ORF 1b for North American strains MN-1b and LHVA-93-3 are shown in Fig. 1 . The MN-1b and LHVA-93-3 sequences revealed 89% homology (i.e., identity) with each other and 68 and 70% homology with the ORF 1b sequences of LV, respectively (for deduced amino acid sequences, the homologies were 98, 79, and 80%, (18) . The sequences of the same region for three Albertan PRRS virus isolates (B-9, H-5, and U-28) that were PCR typed are also shown in Fig. 1 (see below) . For multiplex PCR, 2.5 l of the cDNA was added to a mixture containing 1.25 mM MgCl 2 , PCR buffer, 0.2 mM dNTPs, the primers (listed in Table 1 ), U1 and U2 (5 g of each per ml) and D1 and D2 (2.5 g of each per ml), and 5 U of Taq DNA polymerase in a total volume of 100 l. After denaturation at 94ЊC for 3 min, the reactions were cycled 35 times at 94ЊC for 20 s, 47ЊC for 30 s, and 72ЊC for 30 s, with a final extension step of 72ЊC for 15 min. The final product (10 to 25 l) was electrophoresed on a 2.5% agarose gel and stained with ethidium bromide. When nested multiplex PCR was performed, type-common primers EU and ED (Table 1; 10 g of each per ml) were first utilized in a primary PCR with the same conditions and cycle parameters as for the multiplex PCR, except that 1.0 mM MgCl 2 was utilized. Two microliters of the PCR product (undiluted or diluted 1/100 in water) was then utilized as the template in the nested multiplex PCR assay.
The magnesium concentration, cycle parameters, and primer concentrations were optimized for the multiplex PCR assay. The primers predicted the amplification of a 186-bp product for LV (European genotype) and a 107-bp product for North American strains MN-1b and LHVA-93-3 (Table 1) . By using RNA extracted from the medium of infected cell cultures for reverse transcription and PCR, products consistent with the predicted sizes were obtained for the above reference strains (Fig. 2A) . These products were PCR cycle sequenced and confirmed to be PRRS virus specific (data not shown). A total of 21 PRRS virus strains and isolates propagated in cell culture were tested in the multiplex assay. The European viruses had the European genotype, whereas all of the North American viruses had the North American genotype ( Fig. 2A and Table  2 ). No PCR products were obtained from tissue culture samples containing equine arteritis virus, a related arterivirus, or the porcine viruses transmissible gastroenteritis virus, porcine influenza virus, porcine rotavirus type A, and porcine parvovirus (data not shown).
The multiplex PCR assay produced prominent DNA products for different PRRS viruses with titers that ranged from 1 ϫ 10 4 to 3 ϫ 10 5 TCID 50 /100 l. The limit of detection for the assay using RNA extracted from 10-fold dilutions of the MN1b strain was 1 ϫ 10 3 TCID 50 (data not shown). The ORF 1b region of three Albertan PRRS isolates, B-9, H-5, and U-28, was sequenced to further confirm the ability of the assay to type PRRS viruses. The nucleotide sequences of these isolates, shown in Fig. 1 , reveal 95% homology with the sequences of the MN-1b strain (North American genotype), and thus an accurate assignment was made on the basis of the multiplex PCR results (Table 2) .
A nested multiplex assay was investigated by utilizing typecommon primers EU and ED (Table 1 ) in a first round of PCR amplification. The resulting PCR product was then used as the template for the nested multiplex PCR assay. The products of the first round of PCR are shown in Fig. 2B . Viruses with both genotypes produced a PCR product of ϳ255 bp, consistent with the predicted size of the product. The products of the nested assay using virus in tissue culture medium or sera from experimentally infected pigs are shown in Fig. 2C . As shown, the nested multiplex PCR assay could detect 10 TCID 50 , an improvement from the 10 3 TCID 50 that could be detected by the multiplex PCR assay. From 10 serum samples of two pigs infected with PRRS virus with either genotype, the nested PCR assay produced products of the predicted sizes (Fig. 2C) and showed full agreement with virus isolation. PCR products were obtained from all seven serum samples, collected 7 to 25 days postinfection (dpi), which were positive by virus isolation (100 to 560 TCID 50 ), whereas, three serum samples (collected 0 and 7 dpi) were negative for both virus isolation and PCR.
Several PCR assays have been developed for the detection of PRRS virus (2, 16, 25, 26) . Most of these methods used primers designed to amplify nucleocapsid protein (ORF 7) sequences. One PCR assay utilized an absence of 37 nucleotides in the 3Ј end of the genome of European strains to differentiate between Canadian and European strains (16) .
The main advantage of the multiplex PCR assay described herein is the ability to type PRRS virus to one of two genotypes directly from the supernatants of virus-infected cell cultures. All of the viruses propagated in cell culture achieved titers above the detection limit of the multiplex PCR assay. Thus, the assay was sufficiently sensitive that PCR products could be visualized by ethidium bromide staining without the need for additional detection methodology. Combined with a rapid RNA extraction procedure, the multiplex PCR assay was user friendly. The additional steps involved in the nested PCR assay described herein may be required in only a few instances for isolates which propagate to very low titers. The higher sensitivity of the nested version of the multiplex PCR assay was an advantage in that it permitted direct typing of PRRS virus from the porcine serum samples used in this study. The general utility of the nested assay with clinical samples, however, remains to be more thoroughly investigated.
The multiplex PCR assay described herein was rationally designed after the sequencing of a portion of ORF 1b of two North American PRRS virus strains. There was sufficient sequence divergence between the two genotypes for the design of type-specific primers and sufficient homology to design typecommon primers for a nested assay. The multiplex PCR assay shows promise for the typing of a wide array of PRRS virus strains.
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